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1 Introduction
In this contribution we discuss some issues/corrections for beam failure recovery.
2 Discussion
2.1 SCell BFR Issues

2.1.1 Scheduling Request Trigger for SCell BFR

According to current specification [1], if UL-SCH resources are available for a new transmission, UE does not trigger the Scheduling Request for SCell beam failure recovery.

Issue: If UL-SCH resources are available for a new transmission and if the UL-SCH resources can accommodate neither the SCell BFR MAC CE plus its subheader nor the truncated SCell BFR MAC CE plus its subheader as a result of logical channel prioritization, Scheduling Request is not triggered which will delay the BFR.
To resolve the issue we propose that if UL-SCH resources are available for a new transmission and if the UL-SCH resources can accommodate neither the SCell BFR MAC CE plus its subheader nor the truncated SCell BFR MAC CE plus its subheader as a result of logical channel prioritization, UE shall trigger Scheduling request for SCell beam failure recovery. The TP is provided in annexure 1.

Proposal 1: If UL-SCH resources are available for a new transmission and if the UL-SCH resources can accommodate neither the SCell BFR MAC CE plus its subheader nor the truncated SCell BFR MAC CE plus its subheader as a result of logical channel prioritization, UE shall trigger Scheduling request for SCell beam failure recovery.

Proposal 2: Adopt the TP in annexure 1. 
2.1.2 SCell BFR MAC CE Format Selection

For SCell BFR MAC CE, two formats are supported (as shown below). Format 1 is used when the highest ServCellIndex of MAC entity's SCell configured with beam failure detection is less than 8, otherwise format 2 is used.
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Figure 1 SCell BFR MAC CE Format 1
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Figure 2 SCell BFR MAC CE Format 2
Issue:
If ServCellIndex of an SCell configured with beam failure detection is >= 8, format 2 is used. This is not efficient if none of the SCells for which beam failure is detected, has ServCellIndex >=8. 3 octets will be unnecessary transmitted or UE may have to fallback to truncated SCell BFR MAC CE which does not convey the complete BFR information to gNB (For example 6 octets are available for transmission. Beam failure is detected for ServCellIndex 1, 4, 5, 7. Truncated SCell BFR MAC CE is used and candidate beam information for ServCellIndex 5 and 7 is not included).
To resolve the issue, we propose that if ServCellIndex of an SCell for which beam failure is detected (or for which beam failure recovery information is reported in MAC CE) is >=8, use format 2 for BFR. Otherwise use format 1. The TP is provided in annexure 2.
Proposal 3: A single octet bitmap is used when the highest ServCellIndex of this MAC entity's SCell for which beam failure is detected is less than 8, otherwise four octets are used.

Proposal 4: Adopt the TP in annexure 2. 

2.2 SpCell BFR Issues

2.2.1 Handling insufficient UL Grant
Issue:

BFR MAC CE cannot be transmitted in UL grant received in RAR if BFD is configured or beam failure is detected for an SCell with ServingCellIndex >= 8. For example: UL grant received in RAR is 56 bits. The minimum BFR MAC CE size is 4 byte bit map + 2 byte header = 6 bytes. The size of C-RNTI MAC CE is 3 bytes. So only C-RNTI MAC CE is transmitted in UL grant and gNB will not be able to identify whether the RA was performed for BFR or not.
In order to resolve this issue we propose that single octet bitmap is used when beam failure is detected for SpCell and BFR MAC CE cannot be accommodated in available UL grant.

Proposal 5: A single octet bitmap is used if BFR MAC CE for SpCell’s beam failure recovery cannot be accommodated in available UL SCH resource.
2.2.2 Candidate Beam Information

Issue: Whether to include candidate beam ID in BFR MAC CE or not for SpCell BFR?

BFR MAC CE is transmitted during CBRA initiated for SpCell BFR. In case of CBRA initiated for SpCell BFR, all transmitted SSBs are candidates. 
· Scenario 1: An SSB with SS-RSRP above threshold is available and selected. PRACH preamble/RO is selected corresponding to it. Candidate beam is determined by gNB based on received PRACH preamble. In this case if candidate beam is indicated in BFR MAC CE, it is also the one with SS-RSRP above threshold i.e. it is same as the one which is indicated by PRACH preamble/RO.
· Scenario 2: An SSB with SS-RSRP above threshold is not available. UE will select the best available SSB in this case. PRACH preamble/RO is selected corresponding to it.  Candidate beam is determined by gNB based on received PRACH preamble. Candidate beam is not indicated in BFR MAC CE as there isn't any available SSB with SS-RSRP above threshold.

Based on the above discussion, there is no advantage of including candidate beam ID for SpCell BFR.

On the other hand, candidate beam ID included in BFR MAC CE may be obsolete as explained below:

· Msg3 MAC PDU can be generated during the 1st RA attempt. BFR MAC CE includes SSB X. This RA attempt is not successful.

· Nth RA attempt is successful. Candidate beam during Nth Attempt is SSB Y. BFR MAC CE included in Msg3 indicates old candidate beam i.e. SSB X, whereas PRACH preamble/RO indicates latest candidate beam i.e. SSB Y.
So we propose that octet containing 'AC' and Candidate RS ID field is not included for SpCell in BFR MAC CE.

Proposal 6: Octet containing 'AC' and 'Candidate RS ID' field is not included for SpCell in BFR MAC CE.
3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposals:
Proposal 1: If UL-SCH resources are available for a new transmission and if the UL-SCH resources can accommodate neither the SCell BFR MAC CE plus its subheader nor the truncated SCell BFR MAC CE plus its subheader as a result of logical channel prioritization, UE shall trigger Scheduling request for SCell beam failure recovery.

Proposal 2: Adopt the TP in annexure 1. 
Proposal 3: A single octet bitmap is used when the highest ServCellIndex of this MAC entity's SCell for which beam failure is detected is less than 8, otherwise four octets are used.

Proposal 4: Adopt the TP in annexure 2. 

Proposal 5: A single octet bitmap is used if BFR MAC CE for SpCell’s beam failure recovery cannot be accommodated in available UL SCH resource.

Proposal 6: Octet containing 'AC' and 'Candidate RS ID' field is not included for SpCell in BFR MAC CE.
4 References
[1] TS 38.321 v 16.0.0, NR MAC Specification
5 Annexure 1

5.17

Beam Failure Detection and Recovery procedure

The MAC entity may be configured by RRC per Serving Cell with a beam failure recovery procedure which is used for indicating to the serving gNB of a new SSB or CSI-RS when beam failure is detected on the serving SSB(s)/CSI-RS(s). Beam failure is detected by counting beam failure instance indication from the lower layers to the MAC entity. If beamFailureRecoveryConfig is reconfigured by upper layers during an ongoing Random Access procedure for beam failure recovery for SpCell, the MAC entity shall stop the ongoing Random Access procedure and initiate a Random Access procedure using the new configuration.

RRC configures the following parameters in the BeamFailureRecoveryConfig and the RadioLinkMonitoringConfig for the Beam Failure Detection and Recovery procedure:

-
beamFailureInstanceMaxCount for the beam failure detection;

-
beamFailureDetectionTimer for the beam failure detection;

-
beamFailureRecoveryTimer for the beam failure recovery procedure;

-
rsrp-ThresholdSSB: an RSRP threshold for the beam failure recovery;

-
powerRampingStep: powerRampingStep for the beam failure recovery;

-
powerRampingStepHighPriority: powerRampingStepHighPriority for the beam failure recovery;

-
preambleReceivedTargetPower: preambleReceivedTargetPower for the beam failure recovery;

-
preambleTransMax: preambleTransMax for the beam failure recovery;

-
scalingFactorBI: scalingFactorBI for the beam failure recovery;

-
ssb-perRACH-Occasion: ssb-perRACH-Occasion for the beam failure recovery;

-
ra-ResponseWindow: the time window to monitor response(s) for the beam failure recovery using contention-free Random Access Preamble;

-
prach-ConfigurationIndex: prach-ConfigurationIndex for the beam failure recovery;

-
ra-ssb-OccasionMaskIndex: ra-ssb-OccasionMaskIndex for the beam failure recovery;

-
ra-OccasionList: ra-OccasionList for the beam failure recovery.
Editors Note: The specific parameters for SCell BFR will be replicated here after they are settled.
The following UE variables are used for the beam failure detection procedure:

-
BFI_COUNTER: counter for beam failure instance indication which is initially set to 0.

The MAC entity shall for each Serving Cell configured for beam failure detection:

1>
if beam failure instance indication has been received from lower layers:

2>
start or restart the beamFailureDetectionTimer;

2>
increment BFI_COUNTER by 1;

2>
if BFI_COUNTER >= beamFailureInstanceMaxCount:

3>
if the Serving Cell is SCell:

4>
trigger a BFR for this Serving Cell;

3>
else:

4>
initiate a Random Access procedure (see clause 5.1) on the SpCell.

1>
if the beamFailureDetectionTimer expires; or

1>
if beamFailureDetectionTimer, beamFailureInstanceMaxCount, or any of the reference signals used for beam failure detection is reconfigured by upper layers associated with this Serving Cell:

2>
set BFI_COUNTER to 0.

1>
if the Serving Cell is SpCell and the Random Access procedure is successfully completed (see clause 5.1):

2>
set BFI_COUNTER to 0;

2>
stop the beamFailureRecoveryTimer, if configured;

2>
consider the Beam Failure Recovery procedure successfully completed.
1>
else if the Serving Cell is SCell; and

1>
if a PDCCH addressed to C-RNTI indicating uplink grant for a new transmission is received for the HARQ process used for the transmission of the SCell BFR MAC CE or truncated SCell BFR MAC CE which contains beam failure recovery information of this Serving Cell; or
1>  if the SCell is deactivated as specified in clause 5.9:

2>
set BFI_COUNTER to 0;

2>
consider the Beam Failure Recovery procedure successfully completed and cancel all the triggered BFRs for this Serving Cell.

The MAC entity shall:

1>
if the Beam Failure Recovery procedure determines that at least one BFR has been triggered and not cancelled:

2>
if UL-SCH resources are available for a new transmission and if the UL-SCH resources can accommodate the SCell BFR MAC CE plus its subheader as a result of logical channel prioritization:


3>
instruct the Multiplexing and Assembly procedure to generate the SCell BFR MAC CE.

2> else if UL-SCH resources are available for a new transmission and if the UL-SCH resources can accommodate the truncated SCell BFR MAC CE plus its subheader as a result of logical channel prioritization:
3>
instruct the Multiplexing and Assembly procedure to generate the truncated SCell BFR MAC CE.

2>
else:

3>
trigger the Scheduling Request for SCell beam failure recovery.
6 Annexure 2
6.1.3.23
BFR MAC CEs
The BFR MAC CEs consists of either:

-
SCell BFR MAC CE; or

-
Truncated SCell BFR MAC CE.

The BFR MAC CEs are identified by a MAC subheader with LCID as specified in Table 6.2.1-2.

BFR MAC CE has a variable size. It includes a bitmap and in ascending order based on the ServCellIndex, beam failure recovery information i.e. octets containing candidate beam availability indication (AC) for SCells indicated in the bitmap. A single octet bitmap is used when the highest ServCellIndex of this MAC entity's SCell for which beam failure is detected is less than 8, otherwise four octets are used.

The fields in the BFR MAC CEs are defined as follows:

-
Ci (SCell BFR MAC CE): This field indicates beam failure detection (as specified in clause 5.17) and the presence of an octet containing the AC field for the SCell with ServCellIndex i as specified in TS 38.331 [5]. If the Ci field set to 1, beam failure is detected and the octet containing the AC field is present for the SCell with ServCellIndex i. If the Ci field set to 0, the beam failure is not detected and octet containing the AC field is not present for the SCell with ServCellIndex i. The octets containing the AC field are present in ascending order based on the ServCellIndex;
-
Ci (Truncated SCell BFR MAC CE): This field indicates beam failure detection (as specified in clause 5.17) for the SCell with ServCellIndex i as specified in TS 38.331 [5]. If the Ci field set to 1, beam failure is detected and the octet containing the AC field for the SCell with ServCellIndex i may be present. If the Ci field set to 0, the beam failure is not detected and the octet containing the AC field is not present for the SCell with ServCellIndex i. The octets containing the AC field, if present, are included in ascending order based on the ServCellIndex. The number of octets containing the AC field included is maximised, while not exceeding the available grant size;
NOTE:
The number of the octets containing the AC field in the Truncated SCell BFR format can be zero.

-
AC: This field indicates the presence of the Candidate RS ID field in this octet. If at least one of the SSBs with SS-RSRP above rsrp-ThresholdBFR amongst the SSBs in candidateBeamRSSCellList or the CSI-RSs with CSI-RSRP above rsrp-ThresholdBFR amongst the CSI-RSs in candidateBeamRSSCellList is available, the AC field is set to 1; otherwise, it is set to 0. If the AC field set to 1, the Candidate RS ID field is present. If the AC field set to 0, R bits are present instead;
-
Candidate RS ID: This field is set to the index of an SSB with SS-RSRP above rsrp-ThresholdBFR amongst the SSBs in candidateBeamRSSCellList or to the index of a CSI-RS with CSI-RSRP above rsrp-ThresholdBFR amongst the CSI-RSs in candidateBeamRSSCellList. The length of this field is 6 bits. 
-
R: Reserved bit, set to 0;
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Figure 6.1.3.23-1: SCell BFR and Truncated SCell BFR MAC CE with the highest ServCellIndex of this MAC entity's SCell for which beam failure is detected is less than 8
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Figure 6.1.3.23-2: SCell BFR and Truncated SCell BFR MAC CE with the highest ServCellIndex of this MAC entity's SCell for which beam failure is detected is equal to or higher than 8
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